Os temas selecionados pelos especialistas participantes, sobre os quais foram estabelecidas consideraç ões quanto à segurança do uso de drogas biológicas, foram: ocorrência de infecç ões (bacterianas, virais, tuberculose), reaç ões infusionais, reaç ões hematológicas, neurológicas, gastrointestinais, cardiovasculares, ocorrências neoplásicas (neoplasias sóli-das e da linhagem hematológica), imunogenicidade, outras ocorrências e reposta vacinal.
Introduction
The treatment of autoimmune rheumatic diseases has gradually improved over the last half century, and has been expanded with the contribution of biological or immunobiological therapy (also called biological agents or disease-modifying drugs -DMD-biologicals). This entire process has been implicated in improving therapeutic outcomes and the quality of life, as well as in reducing the morbidity and mortality of patients. 1, 2 Concomitantly, there has been a proportional strengthening of Rheumatology as a medical specialty. Such a scenario is very favorable and signals an auspicious perspective for individuals suffering from autoimmune rheumatic diseases. Monoclonal antibodies and recombinant molecules (or fusion proteins), able to interfere with the signaling of cellular processes, multiply in a fast pace, and new therapeutic possibilities will be progressively added. [3] [4] [5] However, as with any drug class, we must be alert to the possibility of undesirable effects from the use of immunobiological medicines -an aspect which becomes even more important, given the intense action of these molecules on various immunological processes of critical importance. Added to this is the fact that many of the targets of these molecules participate in multiple physiological processes, extending the range of possible effects of the respective inhibitors or antagonist drugs.
Security issues are important for the patient to attain a position of maximum possible well-being; such questions guide medical treatment since ancient times. With respect to the use of immunobiological agents used in Rheumatology, the application of this premise can help in choosing the best option for each patient. With the advent of new therapies, the main questions from patients and physicians focus not only on the benefits and costs, but also on the safety of these medications. Thus, in addition to considering the mechanism of action and pharmacological peculiarities of each agent, including dosage, plasma and biological half-life and route of administration, as well as the opinion, adherence and the degree of understanding of the patient, the rheumatologist must weigh the major adverse events for each particular scenario. 6 With these considerations in mind, the Brazilian Society of Rheumatology (Sociedade Brasileira de Reumatologia/SBR) deemed appropriate to elaborate a text on the safety aspects of this class of drugs. This document represents the consensus of the members of the Commission on Rheumatoid Arthritis (RA) of SBR and of several invited experts, including members of the SBR's Commission on Spondyloarthritides and other rheumatologists who attended the IV Forum on Biological AgentsFocus on Safety, sponsored by SBR.
Objective
The aim of this study was to provide a document representing the opinion of experts, based on extensive literature review on aspects relating to the safe use of immunobiological drugs in Rheumatology, specifically with regard to the treatment of RA and spondyloarthritides.
Method
The method of elaboration of this paper included a literature review, conducted by rheumatology experts, members of the Commission on RA of SBR and other invited experts, members of the Commission on Spondyloarthritides of SBR and participants of IV Forum on Biological Agents -Focus on Security, held on July 20/21, 2012, in São Paulo, Brazil. The bibliographical survey covered existing publications in MEDLINE, SciELO, PubMed and EMBASE up to February 2013. Recommendations were written and re-evaluated by all participants during multiple rounds of questioning and corrections made via the Internet.
The themes selected by the participating experts, about considerations given regarding the safety of the use of biological drugs in rheumatology, were: occurrence of infections (bacterial, viral, tuberculosis), infusion reactions, hematological, neurological, gastrointestinal and cardiovascular reactions, neoplastic events (solid tumors and hematological lineage neoplasms), immunogenicity, other occurrences and vaccine response. For didactic reasons, we opted by elaborating a summary of the safety assessment, in accordance with the previous themes, by drug class/mechanism of action and, separately, general considerations on safety in the use of biologicals in pregnancy and lactation.
Safety assessment by drug class/mechanism of action

Tumor necrosis factor antagonists (anti-TNF)
Tumor necrosis factor alpha (TNF␣) is a proinflammatory cytokine that exerts multiple effects on different cell types and plays a critical role in the pathogenesis of chronic inflammatory diseases, such as RA, ankylosing spondylitis (AS), psoriatic arthritis (PA), and arthritis associated with inflammatory bowel diseases (enteropathic arthritis). 7 TNF␣ exerts cytotoxic action on different types of lymphocytes, stimulating their apoptosis and that of endothelial cells. Currently, there are five different anti-TNF biological agents (also called TNF blockers) marketed: adalimumab (ADA), a 100% human monoclonal antibody; certolizumab (CERT) pegol, a Fab fragment of a humanized anti-TNF antibody with high affinity for TNF, conjugated with two molecules of polyethylene glycol (5-10% of animal protein); etanercept (ETN), a fusion protein composed of TNF soluble receptor plus Fc region of IgG; golimumab (GOL), another human monoclonal antibody; and infliximab (IFX), a chimeric monoclonal antibody (25-30% of animal protein). 8 With the exception of IFX, a drug for intravenous (IV) use, the biological agents of anti-TNF class are drugs for subcutaneous (SC) use.
The biological agents of the anti-TNF class are prescribed where there is no response, or only an incomplete (partial) response was obtained, to basic conventional drugs, mainly methotrexate (MTX), both in RA 9,10 and PA. 11, 12 On the other hand, in AS patients these biologicals may be prescribed after failure with continuous use of non-steroidal anti-inflammatory drugs (NSAIDs), in cases of predominantly axial disease, and after basic conventional drugs, in cases of peripheral disease. 13, 14 Used in the treatment of RA for almost two decades, anti-TNF agents usually are used for at least five years in 60% of the patients, according to the Dutch Rheumatoid Arthritis Monitoring register. 15 Its use for over a decade has not presented serious risks with respect to long-term safety in RA. 16 The possibility of successive exchanges of biological agents in the long-term follow-up of patients with RA can bring questions about to what agent to impute beneficial or adverse effects. 17 On the other hand, anti-TNF agents represent the only class of biological agents currently in proven use in AS. There are records of good response maintained in face of the use of IFX for eight years, 18 ETN for four years, 19 ADA for five years 20 and GOL for two years. 21 There is no difference in efficacy among the various anti-TNF drugs in the treatment of AS. The sudden discontinuation of IFX, after a good sustained response for three years, led to relapse in more than 90% of the patients within a 1-year period. 22 While anti-TNF maintenance is similar in AS and RA after one year of follow-up, the persistent use of anti-TNF in the long term is significantly longer in patients with AS. 23 Also in PA, anti-TNF agents maintain good response to treatment over time, with no deadline for discontinuation of these drugs. [24] [25] [26] Anti-TNF medications are contraindicated in pregnant or breastfeeding women, in patients with congestive heart failure (CHF) classes III and IV according to the New York Heart Association (NYHA), in the presence of active infection or at high risk for development of infections (chronic ulcer of lower limbs, septic arthritis in the past 12 months), recurrent pulmonary infections, multiple sclerosis, and with current or previous diagnosis of neoplasia (less than five years). The patient should be carefully monitored, with assessment of possible emergence of signs of infection, that should be treated promptly and immediately. [7] [8] [9] 
Infections
In the maintenance of any anti-TNF agent, both at the beginning of treatment and after years of medication, infection is the most frequent and important adverse event. Generally, these are usually bacterial or viral infections, mainly affecting the respiratory tract, skin, soft tissues and urinary tract. 27 The risk of hospitalization due to bacterial infection is twice as high in patients using anti-TNF than in patients in monotherapy with MTX; this risk increases four times when considering the first six months of treatment. 28 Most available data on the risk of infection in patients on biologic therapy concern the first anti-TNF agents: IFX, ETN and ADA. No definitive comparative studies were published. Meta-analyses and observational study assessments showed no significant difference in the incidence of infectious complications among different biological agents. Albeit with a shorter observation time, the current understanding is that the newer anti-TNF agents, e.g. GOL and CERT, are associated with the same risk of infection. 29 Although clinical trials have not shown significant increase versus placebo, meta-analyses, extension studies and postmarketing registries confirmed a higher risk of infection in patients with rheumatic diseases using biological agents. The relative risk (RR) for different forms of infection varies from 1.2 to 2.8 compared to synthetic or non-biological DMDs, e.g. MTX. 29, 30 Severe infections -defined as infections requiring hospitalization and/or IV antibiotics -and opportunistic infections such as tuberculosis and Pneumocystis carinii and fungal infections, also increased in patients on biologic therapy. 31 The incidence of infectious complications do not increase with the progression of treatment and appears to be greatest in the first months of exposure to biological agents. 27, 31 Variations in the spectrum of signs and symptoms associated with infection and atypical clinical presentations are common, and this requires a careful monitoring and clinical suspicion for a correct diagnosis. 30 Skin infections are among the most common adverse effects with the use of anti-TNF. 29 They account for about 20% of all infectious complications associated with TNF inhibitors, being second only to respiratory tract involvement. 30 Cellulitis of bacterial origin and herpes zoster virus infections are among the most common cutaneous infectious complications. Although infection by herpes zoster is more common in RA patients than in the general population, recent studies show an increased risk in users of immunobiological therapy. 32, 33 As infectious complication, tuberculosis requires special attention. Considering that TNF plays a central role in the formation and maintenance of granuloma integrity, tuberculosis is an adverse event that should be potentially very frequent, 34 had it not been its systematic prevention, which should never be neglected. Most cases occur in the first months of treatment with anti-TNF and the frequencies of extra-pulmonary tuberculosis and atypical presentations are higher in patients using anti-TNF agents. 35 Observational studies and meta-analyses sought to evaluate differences in the risk of tuberculosis among different anti-TNF agents, and the results are conflicting. The current understanding is that, if there is a difference, this would not be of clinical significance. 36 The risk of reactivation of tuberculosis appears to be lower with other biological agents, but there are no definitive data. That is why a screening exam for latent tuberculosis is in order, as well as its treatment in all patients that will depend on the use of biological agents.
Like other specialty societies, SBR recommends a screening for latent tuberculosis through epidemiology, chest imaging and tuberculin skin test (PPD). 37 When available, ␥-interferon release in vitro assays (IGRA -interferon gamma release assay), e.g. Quantiferon ® or Elispot ® , can enhance the accuracy of a latent tuberculosis diagnosis. 38 Patients with evidence of latent tuberculosis should receive isoniazid for six months. During pregnancy there is a physiological state of immune suppression, which is important for the mother's relationship with fetal allogenic immunogenicity. At this point, the levels of progesterone increase, with consequent Th1 to Th2-response shift. Quantiferon ® test depends on the integrity of the cellular immune response of Th1, and thus the performance of this test may be poorer during pregnancy. While possibly with clinical importance, to date there are no tests available for use in clinical practice allowing monitoring the onset and intensity of antibodies against anti-TNF drugs and other biologicals.
Regarding the evaluation of Latent Tuberculosis Infection (LTBI) in patients who are already in use of some TNF blocker, the epidemiological investigation of contactants and/or reexposure to mycobacteria should be done actively at every outpatient visit, in order to ensure an adequate surveillance of new cases. In the presence of a positive epidemiology, including personal, family and professional data, a revaluation of LTBI is indicated.
In the case of PPD greater than or equal to 5 mm in patients with no prior treatment of LTBI before the use of anti-TNF agents, isoniazid must be initiated and maintained for six months. There is no need to discontinue TNF antagonists in asymptomatic patients. In those symptomatic patients, a proper expert evaluation is critical.
Assuming the lack of consistent scientific data on the necessity of repeating the tuberculin skin test (PPD), a booster test (PPD-Booster) and chest radiography in this setting, we do not recommend the practice of routine and/or annual investigation in asymptomatic patients and/or in the absence of convincing epidemiological data.
However, the rheumatologist may request a LTBI reinvestigation in doubtful cases of clinical management, considering the local prevalence of tuberculosis, clinical data (alcoholism and malnutrition and other conditions associated with immunosuppression, for example) and socioeconomic conditions. This topic will be discussed in more detail in a specific document on the management of endemic diseases in patients with RA, now in production phase by SBR.
In the presence of hepatitis B and C infection, the use of anti-TNF should be avoided. In exceptional cases of hepatitis C virus infection, anti-TNF drugs can be used, with the associated antiviral treatment. 37 The treatment of other infectious diseases, including endemic/epidemic diseases in Brazil, such as leprosy, malaria, Chagas disease, esquistosomiasis, leishmaniasis, filariasis, dengue, yellow fever, fungal infections (blastomycosis, paracoccidioidomycosis, etc.), among others, will be discussed in a specific document by SBR.
Infusion reactions
Most skin reactions related to the administration of TNF inhibitors have mild to moderate intensity and do not require discontinuation of the drug. 39 The most common reactions are: erythema, urticaria, eczema or rash, which may, in turn, be accompanied by pain or edema. 39 While the appearance of rash has been described in approximately 6.9% of the patients on use of IFX, 40 injection site reactions were reported in 40% of the cases with ETN 41 and in 15% of the cases with ADA. 42 With respect to the new anti-TNFs, the incidence of reactions at the injection site appears to be lower: 2.3% with CERT 43 and 2.4% with GOL. 44 
Hematological reactions
Changes such as thrombocytopenia, anemia (aplastic type) and pancytopenia are rarely reported during anti-TNF therapy, although some recommendations, such as the UK guidelines and the 2012 Consensus of the Brazilian Society of Rheumatology on Treatment of Rheumatoid Arthritis, suggest blood series monitoring. 37, 45 To date, 19 cases of thrombocytopenia were described in the literature in association with anti-TNF. 46 None of the cases was associated with significant clinical conditions or major bleeding. Moreover, leukopenia is a blood series abnormality that may be seen a little more commonly in some patients under anti-TNF therapy. 47 In this sense, a study involving 130 patients using IFX reported leucopenia in about 12% of the cases. 48 The possibility of marrow blockage or peripheral lysis has been evaluated, and it is suggested that this latter possibility is the most frequent. 49 The occurrence of neutropenia is defined as a neutrophil count below 1500/mm 3 and the risk of infection is increased with neutropenia <1000/mm 3 . So far, neutropenia was reported in 111 patients using anti-TNF agents, most of them diagnosed with RA, and 96% were not in treatment with other immunosuppressive medication with potential to generate neutropenia. Most cases were using ESV (72.8%), followed by IFX (18.5%) and ADA (9%). One study showed that two important risk factors are a neutrophil count <4000 mm 3 before the use of anti-TNF and a history of neutropenia due to synthetic DMDs. The presence of severe events accompanied by neutropenia has been reported in 6% of the cases, with no deaths associated. 46 Considering the data currently available, the conclusion is that the use of anti-TNF seems to be associated with lower risk of hematological changes, thrombocytopenia being a very rare event, and leucopenia due to neutropenia being the most frequent manifestation. As a routine, a cell blood count could be useful immediately before starting and during follow-up of patients in use of immunobiologicals.
Neurological reactions
To diagnose the neurological event associated with the use of biologic therapy, the following phenomena should be taken into account: the causal link between the use and the event, observation of partial or complete improvement after drug withdrawal, relapse of symptoms after possible reintroduction of the biological agent, evidence of neurological involvement and, if possible, comparison with the expected incidence for the population. 50 Various neurological disorders have been described in patients on biologic therapy. Among them are: onset or exacerbation of multiple sclerosis, optic neuritis and various forms of demyelinating peripheral neuropathy. The prevalence of demyelinating disease induced by the use of biologicals, reported in randomized controlled trials and in post-marketing studies on autoimmune diseases (RA, juvenile idiopathic arthritis, spondyloarthritides and Crohn's disease) is estimated to be between 0.02% and 0.20%. A meta-analysis of these studies showed a prevalence of 0.05-0.20%. The cases are described mainly with the use of TNF␣ blockers (IFX, ETN and ADA) and with the greatest number of cases occurring with monoclonal antibodies. 51 The mean elapsed time between the beginning of a biological DMD and the onset of symptoms was 7.5 months (range, 2-18 months) and with a favorable outcome after drug discontinuation and treatment in 66% of the cases. 51 Demyelinating diseases of the central nervous system (CNS) showed less favorable outcomes. Multifocal leukoencephalopathy (MLE) exhibited greater correlation with natalizumab (taken away from the market due to this event) and, to a lesser extent, with alemtuzumab and alfalizumab, all not approved for use in the treatment of RA. 52 By the time of preparation of this manuscript, MLE had been confirmed in a case of a patient diagnosed with RA in use of IFX. 53 Guillain-Barré syndrome is also described in patients with RA being treated with anti-TNFs and, as one of its causes, viral infection prior to the event must be remembered, since the risk of virus infection is increased when using these agents. 54 Two studies which evaluated the use of anti-TNF for multiple sclerosis treatment were discontinued due to exacerbation of the disease, suggesting the deleterious effect of these agents for this condition. 55, 56 An analysis by Fernández-Espartero et al., in Spain, comparing a systematic literature review (SLR) of case reports in the medical literature with the Spanish register of biological agents BIOBADASER (Spanish Registry of Biological Therapies in Rheumatic Diseases) and the pharmacosurveillance system of Spain, FEDRA (Spanish Pharmacosurveillance Database of Adverse Drug Reactions) failed to establish a clear association between the use of anti-TNF (IFX, ETN and ADA) for the treatment of rheumatic disorders and the occurrence of demyelinating disease. 57 Data from BIOBADASER, with an exposition of 13,075 patients/year with a diagnosis of RA, confirmed nine cases of demyelinating disease (22 suspected, unconfirmed, cases), with an incidence rate of 0.69 per 1000 patient-years (95% CI: 0.36-1.32). The incidence of multiple sclerosis in the Spanish population (0.022-0.038) was similar to the rate observed in patients who received anti-TNF (0.01-0.33). 57 Data from FEDRA described 10 cases of demyelinating diseases in RA patients treated with anti-TNF, and SLR found 31 case reports. The more frequent types of demyelination were: multiple sclerosis, optic neuritis and peripheral demyelinating disease. Among the rheumatic diseases studied, RA accounted for over 50% of the cases in the three analyses, with similar distribution between gender and age and with an incidence rate lower than in PA (1.04/1000, 95% CI: 0,34-3.24) and AS (0.70/1000, 95% CI: 0.17-2.79). In BIOBADASER register, a longer time of anti-TNF exposition (mean, 1.44 years) and a lower recovery rate of demyelinating disease (43%) were observed. 57 The differences between these data and the apparent lack of association between the use of DMD for biological treatment of RA and the occurrence of demyelinating disease can be explained by a method bias for registration of cases in each of these studies, and by the difficulty of analysis of an appropriate control group.
In contrast, a study with a case-control design, using a database from a cohort of over 10,000 RA patients, suggested that anti-TNF agents were associated with an increased risk of approximately 30% for demyelinating events. 58 Regarding the measures employed for the treatment of neurological manifestations associated with anti-TNF, especially in cases of CNS manifestations and mononeuritis multiplex, the following conducts have been described (alone or in combination): high doses of oral-or pulse therapy corticosteroids, IV Ig, plasmapheresis, cyclophosphamide, azathioprine and cyclosporine A. Ig and pulse therapy with corticosteroids have been the most used methods. The exclusive practice of withdrawal of the biological agent used was also performed, in some cases with reversion or normalization of the clinical picture. 52 Before starting an anti-TNF, one should evaluate the possibility of previous neurological impairment through the history and physical examination in order to detect and treat previous neuropathy conditions. Neurological manifestations in RA are more frequent in elderly patients, in the disease with worse prognostic factors, and in the presence of comorbidities and other conditions potentially causing, or associated with, neuropathies. The use of anti-TNF agents is contraindicated in patients with demyelinating disease -especially in those with current or prior diagnosis of optic neuritis, demyelinating peripheral neuropathy and multiple sclerosis. In face of a suspicion of demyelinating disease, the anti-TNF medication should be immediately discontinued, seeking to establish whether there is a causal relationship between medication use and onset of symptoms. It is suggested that investigations be carried out and the right documentation be collected, depending on the type of neurological manifestation, in order to exclude the possibility of neurological disorders unrelated to the biological agent.
The treatment should be individualized for each patient, depending on the severity and neurological manifestations, and pulse or high-dose corticosteroids, Ig, plasmapheresis, cyclophosphamide, azathioprine and cyclosporine A can be used. If re-introduction of a biological agent for control of RA activity is needed, the preference should be for a non-anti-TNF agent, such as rituximab (RTX) or abatecept (ABAT).
Gastrointestinal reactions
Gastrointestinal and hepatic manifestations associated with anti-TNF are uncommon.
Cardiovascular reactions
Rheumatic diseases of inflammatory nature are associated with high mortality, mostly from cardiovascular mortality. 59, 60 Several studies have found an increased occurrence of cardiovascular events in RA and AS, and this finding can be justified by the increase in inflammatory cytokines such as TNF, an accelerated atherosclerosis, endothelial dysfunction, use of other medications that cause cardiovascular morbidity and mortality, presence of traditional cardiovascular risk factors, and the genetic heritage of the individual. 61 Diseases such as RA, AS and CHF have in common the presence of high levels of inflammatory cytokines, particularly TNF. 62 In this sense, the attempt to treat CHF with anti-TNF appeared to be an alternative. However, the use of anti-TNF for the treatment of patients with heart failure (functional classes III and IV -NYHA) did not show benefit, 63 being associated with a large number of adverse events and deaths, leading to premature termination of these clinical studies. 64 In addition, some individuals with no previous history of heart disease developed CHF with this treatment; a complete reversion of this complication occurred with discontinuation of the anti-TNF agent. 65 This fact led to the termination of studies and put severe CHF as a contraindication to anti-TNF therapy. Thus, we had a dilemma: anti-TNF agents could improve, or possibly trigger or aggravate cardiovascular events in patients with RA? On one hand, it would be biologically plausible that the reduction in the inflammatory process through the use of anti-TNF agents would theoretically reduce the risk of heart failure. On the other hand, the anti-TNF agent could increase the risk of heart failure in patients with RA, just as occurred in the general population. 66 To try to solve this dilemma, in this topic we will analyze studies evaluating anti-TNF and cardiovascular events in RA, and not in other inflammatory rheumatic diseases, because, in addition of being strongly associated with cardiovascular events, RA is favored with the most robust published evidence. A global and individual analysis of the cardiovascular risk will be performed, taking into account myocardial infarction (MI), stroke and CHF.
The risk of the use of anti-TNF and cardiovascular events as a whole was assessed in seven studies involving RA patients, including a randomized controlled trial, four cohorts, one case-control study and one cross-sectional study. The general conclusion is that anti-TNF therapy reduces the incidence of cardiovascular events as a whole, with a decline of RR to 0.46 (95% CI: 0.25-0.85). [67] [68] [69] [70] [71] Seven studies (one cohort, five case-control studies and one cross-sectional study) evaluated the risk of MI in patients with RA and found no differences between subjects receiving anti-TNF and the control group (treated with synthetic DMDs), although in those patients who had a good to moderate EULAR (European League Against Rheumatism) response after six months of treatment, a RR reduction of 64% (95% CI: 0.19-0.69%) was noted, compared with non-EULAR responders. [72] [73] [74] [75] [76] [77] [78] The risk of stroke with the use of anti-TNF was assessed in RA patients in four studies (one cohort, one case-control study and two cross-sectional studies). The conclusion of most of these studies is that TNF antagonists were not associated with a risk of stroke, and apparently in those individuals who responded to anti-TNF and to the continued use of these drugs for more than six months, the risk of stroke was reduced. 79 The occurrence of CHF during the use of anti-TNF in RA patients was assessed in six studies (five cohorts and one case-control study). [80] [81] [82] [83] [84] [85] The results of these studies were conflicting. Although the use of anti-TNF in elderly patients may be associated with an increased risk of CHF, 84 in those patients aged less than 50 years the conclusion still is not final.
The general conclusion on this topic is that the use of anti-TNF in RA patients appears to be associated with less cardiovascular morbidity when the changes are evaluated together. However, the individual risk assessment of stroke, MI and CHF still has no definitive conclusions.
Solid neoplasms
It is speculated if the long-term use of biological DMDs could contribute to an increased risk of cancer in patients with inflammatory diseases. It is not yet clear whether the malignancy is a consequence of chronic inflammation, or of therapies used to treat inflammatory diseases such as RA. 86 Studies show that, in RA, there is a greater risk of certain malignancies, including lymphoma, lung cancer, nonmelanoma skin cancer and possibly melanoma and leukemia. Current evidence suggests that this occurs due to uncontrolled inflammation and possibly to smoking. 86 Before the advent of biological DMDs, the incidence of solid cancers in patients diagnosed with RA mirrored what was seen in the general population, including lung, colorectal, skin, breast, prostate, bladder, ovary and pancreas neoplasms, and this scenario has not changed significantly since the introduction of new therapies. 87 Wolfe and Michaud observed in 13,001 patients from the National Databank for Rheumatic Diseases that the use of biologicals was not associated with an increased risk of solid tumors. 88 Skin tumors are among the possible manifestations associated with the use of anti-TNF agents. Evidence of an increased risk of non-melanoma carcinomata among patients treated with anti-TNF include one registry data meta-analysis, prospective observational studies and randomized trials. [88] [89] [90] [91] The most common neoplasms are non-melanoma skin cancers, mainly basal cell carcinoma and, less frequently, squamous cell carcinoma. [89] [90] [91] [92] [93] [94] Cases of malignant melanoma, however, have also been described in patients using anti-TNF therapy. [95] [96] [97] [98] [99] [100] [101] [102] [103] [104] Although the exact role of these drugs in the development of melanomas is not well established, one should pay close attention to the appearance of pigmented lesions or changes in the characteristics of preexisting nevi. 39 When in doubt, in order to obtain a correct explanation of the picture, an histopathologic study of the lesion is recommended.
Regarding the recurrence of solid cancer after use of a biological agent, little is known due to the exclusion of these patients in their participation in clinical trials. 10 In patients treated for solid cancer during more than five years, we can recommend the use of any biological agent. In patients under five years of treatment, RTX should be the biological choice. Thus, although no increased risk was observed for cancer, except for non-melanoma skin cancer [88] [89] [90] [91] in patients using anti-TNF agents, surveillance for the occurrence of malignancies (including recurrence of solid tumors) in patients treated with TNF inhibitors remains appropriate.
Lymphomas
Since pre-biological times it is known that the estimated risk of a patient with RA developing lymphoma (especially nonHodgkin's) is about two times higher than that for general population. [105] [106] [107] A Swedish case-control study showed that this risk is directly related to the intensity and duration of the inflammatory process. 108, 109 TNF is known to have a role in surveillance against the development of neoplasia; therefore, its inhibition has been seen as a possible risk factor for the onset of tumors. On the other hand, coinciding with the beginning of anti-TNF therapy, the general way to treat this disease changed a lot. Over the past 15 years, much emphasis was given to early diagnosis and to a strict control of disease activity. This change could potentially reduce, for example, the risk for the onset of lymphoma. Nevertheless, one should not forget that, until recently, the anti-TNF therapy was restricted to patients refractory to traditional treatment, i.e., of long duration and with high inflammatory burden. Not surprisingly, therefore, that the data related to the risk of lymphoma associated with the use of anti-TNF therapy are conflicting.
In a recent meta-analysis involving 63 randomized clinical trials (RCTs) with 29,423 patients with RA, the risk of lymphoma among users of anti-TNF, compared with the risk of control subjects, was doubled (odds ratio [OR] = 2,1; 95% CI: 0.55-8.4); however, this difference was not statistically significant. The authors of this meta-analysis point out that the limited number of patients and the reduced follow-up time of the RCTs limit the extrapolation of these data to the prolonged use of these drugs. 110 In the analysis of the first cases of lymphoma among anti-TNF therapy users, half of them were diagnosed in the first eight weeks of treatment. 111 To date, there is no evidence of the emergence of an increasing risk of lymphoma related to the prolonged use of anti-TNF agents. 86, 112 One SLR and a meta-analysis of observational studies and registries, also recently published, confirmed that, compared with the general population, patients treated with TNF inhibitors have an increased risk of lymphoma (standardized incidence ratio = 2.55, 95% CI: 1.93-3.17). 89, [113] [114] [115] But when compared with RA patients treated with synthetic drugs, this increase in the risk for lymphoma was not observed (estimated risk = 1.11, 95% CI: 0.70-1.51). 88, 116, 117 Immunogenicity Anti-human chimeric antibodies (HACA) and human antihuman antibodies (HAHA) may occur with the use of any of the drugs in this class, but their effect on the effectiveness of therapy is unclear. The induction of antibodies against anti-TNF agents depends mainly on their structure. Chimeric molecules have a greater capacity to induce immunogenicity, compared with fully human drugs. Among anti-TNF agents, this phenomenon has been studied mainly in IFX users, especially in those with RA or Crohn's disease. The prevalence of anti-IFX antibodies in RA ranges from 12% to 44% and appears to be inversely related to serum levels and to the therapeutic response to medication. The use of ETN was associated with the development of anti-ETN antibodies in 0-18% of patients, without any apparent impact on the efficacy or on the occurrence of adverse events. Studies in patients with RA and with Crohn's disease show the presence of anti-ADA antibodies in 1-87% of patients. In 25 children with juvenile idiopathic arthritis, 8% had anti-ETN antibodies. 118, 119 The methods more often used for the detection of HACA and HAHA are ELISA (Enzyme Linked Immuno Sorbent Assay) and radioimmunoassay. The presence of anti-IFX antibodies in RA patients may suggest a poorer therapeutic response and an increased risk of infusion reaction. However, perhaps these same conclusions may not be observed in relation to anti-ADA and anti-ETN antibodies. Immunological tolerance to ADA and IFX may be increased with a concomitant use of immunomodulators such as MTX and azathioprine. There is no evidence in the literature of cross-reactivity of HACA and HAHA for the different anti-TNF agents. 119 
Other reactions
Among the manifestations not previously mentioned, those of dermatological origin are of special interest. Skin conditions described in anti-TNF inhibitor users may didactically be divided into: skin reactions related to their administration, skin infections, skin neoplasms (previously mentioned) and immune-mediated diseases.
Among the immune-mediated diseases, the onset of psoriasis has been described following the use of several drugs such as anti-malarials, anti-inflammatory drugs and betablockers. 97 In the case of association of psoriasis with the use of anti-TNF, the aspect that seems paradoxical is the onset of psoriatic skin lesions with the use of a drug indicated for their treatment. The prevalence of this phenomenon is varied, but according to some studies, it lies between 0.6% and 5.3%. 98, 99, 120 The mean latency time between the start of the TNF inhibitor and the onset of skin lesions is 10 months; however, this time may vary from several days to several years. 97, [101] [102] [103] The three main types of psoriatic lesions observed are: pustular, about 56%; en plaque, in half of the cases; and guttate in about 12% of the cases. 104 In approximately 15% of the patients, more than one type of lesion is present. 104 The most characteristic clinical form associated with the use of TNF inhibitors is pustulosis palmoplantaris. 104 Initially, these lesions were considered as a hypersensitivity reaction to the drug. Subsequent histological studies, however, showed that the lesions were identical to those occurring in people with idiopathic psoriasis. 102, 120 In general, patients who develop this type of adverse effect had displayed a good response to anti-TNF, such that the appearance of the skin lesion affects negatively the effectiveness of the treatment.
Considering that most of the described cases of this association occurred in RA patients, we cannot forget that, from the beginning, it may be a case of PA, since in up to 15% of the patients with this illness the joint condition emerges before the skin condition. On the other hand, maybe this could be only the case of an association of two conditions that are not rare. 104 The coexistence of psoriasis and RA, however, is infrequent (about 2%), while the onset of psoriasis induced by TNF inhibitors occurs in about 3% of the patients with spondyloarthritides and in 2-5% of those with RA, an incidence much higher than expected. 98, 102, 120 Reports of cutaneous lupus, [121] [122] [123] [124] [149] [150] [151] were described with the use of TNF inhibitors. The cause and effect relationship of these associations, however, are not well established.
Vaccination response
Regarding vaccination, the response to influenza vaccine does not seem to be impaired in patients using anti-TNF agents, even when combined with MTX. [152] [153] [154] However, an author showed a reduced response to this vaccine, when evaluating patients using IFX associated with MTX or ETN. 155 Similarly, a study conducted in Brazil, evaluating the H1N1 influenza vaccine, found, besides a good safety profile, a reduced serum protection in RA patients, regardless of disease activity. MTX was the only DMD associated with reduced response to the vaccine. 156 As for the pneumococcal vaccine, the use of MTX in isolation, or its use combined with some anti-TNFs (ADA, ETN and IFX), may decrease the effectiveness of the vaccine, while the use of these biologicals in isolation does not influence the vaccine response. 153, 155 Additionally, the use of anti-TNF could significantly reduce the response to hepatitis B vaccine. 157 Vaccines with live attenuated components should preferably be administered three to four weeks before initiation of immunosuppressive therapy, to ensure that viral replication finished before the alteration of the immune competence of the patient (in terms of drug use). Otherwise, under treatment, the vaccination should be delayed for at least the equivalent time of four half-lives of each anti-TNF drug. 158 
T-cell co-stimulation blocker -ABAT
ABAT is a human fusion protein consisting of the extracellular domain of human CTLA-4 linked to the modified Fc portion of human immunoglobulin (Ig) G1. This drug inhibits T-cell activation for binding to CD80 and CD86, thereby blocking its interaction with CD28 (the co-stimulation receptor). 159 ABAT was approved in December 2005 by the Food and Drug Administration (FDA) for RA patients, both for therapeutic failure with synthetic, as biological, DMDs. In Brazil, the SBR Consensus (2012) on treatment of RA suggest that ABAT can be used in patients with active RA that failed with synthetic DMDs, preferably when these drugs were used in combination, or after the use of an anti-TNF. ABAT can be used preferably as monotherapy, or combined with a synthetic DMD. 37 A SLR on the use ABAT in RA patients pooled seven studies and 2908 patients. In this SLR, total adverse events were slightly more common with ABAT compared with placebo (RR = 1.05, 95% CI: 1.01-1.08) and severe infections in 12 months were more common with ABAT versus control group (OR = 1.91, 95% CI: 1.07-3.42). 160 Pooled data from 4149 patients enrolled in several pivotal studies demonstrated that the incidence of serious adverse events (95% CI) with ABAT is very low, with gradual decrease at each year. 161, 162 Regarding security of ABAT interaction with MTX or other DMDs, the extension of the AIM (Abatacept in Inadequate responders to Methotrexate) study showed efficacy and safety of ABAT combined with MTX. 163 The ASSURE (Abatacept Study of Safety in Use with Other RA Therapies) study also showed safety of combining ABAT with MTX and with hydroxychloroquine, sulfasalazine, leflunomide or azathioprine. 164 
Infections
ABAT is contraindicated in patients with active infections, including skin ulcers, infected prostheses, and in catheter users. 165 The risk of serious infection is reported in 2.9% with ABAT versus 1.9% for placebo. 164 The combination with other biologicals increases the risk (serious infection 5.8% versus 1.6%). 164 ABAT does not increase Mycobacterium tuberculosis infection, and only nine cases of tuberculosis in 4149 patients treated over time (12, 132 patient-years) have been reported. 162 A study with mice demonstrated the safety of this drug in relation to tuberculosis infection. 166 In this study, chronic M. tuberculosis infection was caused in C57BL/6 mice. After four months of induced infection, mice were treated with different biological agents for up to 16 weeks in three different groups (one group with ABAT and the other two with anti-TNF or placebo). In mice treated with placebo and ABAT, tuberculosis control was maintained, with 100% of survival after 16 weeks of treatment. Mice treated with anti-TNF had 100% of mortality at nine weeks, with weight loss and increased bacterial load in the lungs, lymph nodes and spleen. Thus, it was concluded that ABAT did not exacerbate the infection with M. tuberculosis in mice. 166 As for those patients who initiated their treatment with other biological agents, screening tests for hepatitis B and C must be performed before the start of ABAT. 161 
Infusion reactions
The infusion reactions with ABAT are rare, with 3.9/100 patient-years in six studies reviewed involving 3755 patients. 162 The most common symptoms are dizziness, nausea, headache and hypertension. Severe hypersensitivity reactions are rare (0.4% versus 0.2% with placebo). 162, 167 
Hematological reactions
To date, no studies evaluating hematological changes and ABAT in rheumatic diseases were published.
Neurological reactions
To date, no reports of peripheral neuropathy or CNS involvement associated with the use of ABAT were published.
Gastrointestinal reactions
Liver enzyme changes are mild and rare in patients treated with ABAT (0.1-1% of patients) and thus have little clinical value. It appears that the combination with MTX, NSAIDs, corticosteroids, sulfasalazine and leflunomide does not increase the occurrence of hepatotoxicity. 161 
Cardiovascular reactions
Regarding the increased cardiovascular risk in patients with RA, studies have shown that the use of ABAT determines no greater risk. 161, 162 Cardiovascular disease does not contraindicate the use of ABAT and this drug does not interact with cardiovascular drugs, nor with the use of oral anticoagulants. 162 
Neoplasms
Solid neoplasms and lymphomas
The risk of malignancies, e.g., non-melanoma skin cancer, lung cancer, colorectal cancer and breast cancer, for ABAT users is comparable with the risk for RA patients in use of synthetic DMDs. 162 One study analyzed seven clinical trials with 4134 patients versus RA patients from five cohorts (41,529 RA patients, with a mean follow-up between 1.8 and 9.3 years). In the population treated with ABAT, a lymphoma rate similar to that in different cohorts of RA was found, with a standardized incidence rate = 0.89 (95% CI: 0.36-2.15). 168 Regarding the risk of lymphoma and other hematological diseases, double-blind and open studies involving 4149 patients treated with ABAT (11,658 patient-years) showed hematologic malignancy occurring only in 0.13/100 patientyears (similar to RA), but just as with anti-TNF biologicals, the use of ABAT should be avoided in patients who had lymphoma over the past five years. 161 
Immunogenicity
Unlike what was observed with the use of anti-TNF biological DMDs, antinuclear antibodies (ANA) and anti-DNA did not become positive over time in patients treated with ABAT. 162 There appears that the formation of HACA and HAHA using ABAT does not occur.
Other events
The use of ABAT is contraindicated in patients with signs of chronic obstructive pulmonary disease (COPD), because of the exacerbation of dyspnea and an increased occurrence of infections. 37 Studies were published on the occurrence of psoriasiform rash, 169 as well as lupus-like syndrome and Sjö-gren syndrome, 170 possibly in association with the use of ABAT.
The risk of development of autoimmune events with the use of ABAT, based on pooled data of 4149 patients and 12,132 patient-years, showed rare cases of cutaneous psoriasis (OR = 0.60), Sjögren's syndrome (OR = 0.26) and vasculitis (OR = 0.34). 162 
Vaccination response
Regarding vaccination in RA patients in use of ABAT, a subanalysis of the ARRIVE (Abatacept Researched in RA Patients with an Inadequate anti-TNF response to Validate Effectiveness) study evaluated the efficacy and safety of influenza vaccination in 20 patients. 171 A total of 55%, 50% and 35% of the patients developed vaccine response to H1N1, H3N2 and influenza B virus strains, respectively. A study in Brazil investigated the humoral response to vaccination against H1N1 flu virus in 11 RA patients treated with MTX in combination with ABAT. 172 Only 9% of the patients treated with the combination of MTX and ABAT achieved seroprotection, compared with 58% of patients treated only with MTX and with 70% of healthy individuals. Schiff et al. investigated the response to anti-pneumococcal vaccine in 21 patients with RA treated with ABAT in a sub-analysis of the ARRIVE study. 173 Of these 21 patients, 81% exhibited immune response to at least one serotype. 173 
B-cell depletion drug -RTX
RTX is a monoclonal antibody directed against lymphocytes CD20+ in patients with RA in moderate to severe activity, with treatment failure to an anti-TNF agent. 37, 174 RTX is used preferably in combination with MTX, and may be prescribed in association with other DMDs. RTX has a better therapeutic response in patients with positive serology for rheumatoid factor (RF) and/or anti-cyclic citrullinated peptide (anti-CCP) antibodies. 175 Individuals with good response to treatment may be subjected to a new course of RTX if the disease is reactivated in a time interval <6 months. 176 In a meta-analysis that included 938 patients treated with RTX and unresponsive or intolerant to synthetic DMDs or anti-TNF agents followed during 24-48 weeks, it was observed that the incidence of adverse effects in all systems was not higher than in those patients treated with placebo (RR: 1.062, 95% CI: 0.912-1.236, p = 0.438). With regard to the number of patients who experienced at least one serious adverse event, no significant difference between those treated with RTX and placebo was observed (RR: 0.855, 95% CI: 0.622-1.174, p = 0.333). 177 The long-term safety after multiple infusions of RTX was also analyzed in a recent publication. 178 Submitted data are pooled from eight RCTs and two open-label extension studies, including a total of 3194 patients who received up to 17 courses of RTX over 9.5 years (4418 patient-years). The percentage of infections and serious adverse events remained stable over time and after multiple infusions. 178 RTX is contraindicated in patients with hypersensitivity to this drug or to other murine proteins, with active infection and severe heart failure. 179 
Infections
With regard to infections, a meta-analysis that included 745 patients treated with RTX in three RCTs found that there was no increased risk for serious infections compared with placebo. 180 In the aforementioned study by van Vollenhoven et al. 178 the percentage of serious infections was 3.94/100 patientyears (3.26/100 patient-years in patients observed for more than five years) and was comparable to that for the placebo group associated with MTX (3.79/100 patient-years). A decrease in Ig levels was observed from four months, after at least one course of RTX, but the clinical significance of this is uncertain. The subgroup of patients with low IgG levels showed a higher risk of serious infections compared to patients who never presented this finding, but the risk of infection was already increased in these patients, even before the onset of IgG level decrease. IgG levels must be measured prior to treatment with RTX and monitored over time. 179 Low levels of IgM were not associated with an increased risk of infection.
Regarding tuberculosis, RTX is approved for patients who do not respond or are intolerant to anti-TNF. Thus, most patients who used RTX have been pre-selected for latent tuberculosis in clinical trials and in daily practice. With that in mind, reactivation of tuberculosis was not observed, despite the package insert recommending a search for latent tuberculosis before starting the medication. 36, 181 Regarding hepatitis B and C, experts recommend that serology for hepatitis B should be performed prior to initiation of treatment with RTX. 179 Reactivation has been documented in both negative and positive patients to hepatitis B virus surface antigen (HBsAg), 182, 183 emphasizing the need to investigate not only HBsAg, but also other antibodies against core antigen (HbcAg -hepatitis B core antigen) to identify a positive state of carrier. The negativity for HBsAg (also with negativity for anti-HBs antibodies) identifies the group of patients requiring vaccination prior to immunosuppressive therapy. A search for hepatitis B virus DNA (HBV-DNA) is not indicated as screening tool, but for investigation of viral load and response in chronic infection established by hepatitis B. Although there is variation among currently existing recommendations, it is generally considered that those HbsAgand/or anti-HBc-positive patients should be treated prophylactically. The treatment of occult infection by hepatitis B virus with anti-HBc-positive in isolation remains uncertain: in such patients, HBV DNA could be determined, and then prophylaxis could be considered, with close patient monitoring. Routine evaluation for hepatitis C should also be considered. [184] [185] [186] [187] [188] [189] 
Infusion reactions
The most frequent adverse events are infusion reactions, which occur in 30-40% of the patients during the first infusion and about in 10% at second infusion. 190 In most cases, the reactions are of mild to moderate intensity. Severe cases requiring drug discontinuation occur in less than 1% of treated patients. 179 Sixty minutes before each RTX infusion, the patient must be treated with IV methylprednisolone 100 mg, acetaminophen 1 g and antihistamines, to reduce severity and frequency of infusion reactions. 190 
Hematological reactions
The effect on B lymphocytes with depletion of these cells is expected, and is part of the action mechanism of this drug. However, a significant reduction in total lymphocyte count is not expected. The safety of B-cell depletion after multiple infusions of RTX, especially related to the cumulative risk of serious infections and malignancies, is not fully established in patients with RA. 178 Hematologic adverse events have not been shown to be relevant in long-term studies. 178, 191 
Neurological reactions
To date, six cases of MLE were reported in patients with RA treated with RTX. 178, 179 Most cases had long-term RA and were users of multiple immunosuppressants. The number of reported cases of MLE in patients diagnosed with RA in use of RTX confers a risk of 0.4/100,000 patient-years, slightly increased compared to the general population (0.2/100,000) and lower than that observed in patients with systemic lupus erythematosus (4/100,000). 53 Thus, although the occurrence is considered rare (1:20,000) due to the high morbidity and mortality of the condition, clinical surveillance for this diagnosis is recommended in this patient population.
To date, no reports of peripheral neuropathy associated with the use of RTX were published.
Gastrointestinal reactions
Increases in gastrointestinal adverse events after exposure to RTX have not been observed. 178, 192 
Cardiovascular reactions
Increased risk of acute MI over time in patients treated with RTX has not been observed. 178 
Neoplasms
Solid neoplasms and lymphomas
Increased risk of solid or hematological malignancies over time in patients treated with RTX with an observational period of approximately 10 years has not been observed. 178 
Immunogenicity
Safety data from long-term RCTs on RA patients indicate that 11% (273/2578) of the patients exposed to RTX develop HACA. 191 HACA-positive patients did not show a higher number of infusion reactions during the second course of RTX, compared with HACA-negative patients.
Other events
Few cases of psoriasiform conditions have been reported after RTX infusion for the treatment of rheumatic diseases or other indications. A series of three cases was described in two patients with RA and in one with SLE, requiring specific treatment for psoriasis and RTX discontinuation. 192 Pulmonary manifestations were identified in a systematic review study with 121 cases of interstitial lung disease. Only nine of these patients had indication of RTX for treatment of rheumatic diseases, including three cases of RA, one of them in association with Castleman's disease. In this review, the interstitial lung disease was considered as a rare event, but with potential for morbidity and mortality. All cases had imaging (radiographs and/or computed tomography) findings. Pulmonary function tests, when performed, showed a deficit of diffusion capacity and a restrictive respiratory pattern. 193 In a series of 43 patients with autoimmune diseases, in two cases of patients with systemic lupus erythematosus, and in one case of primary Sjögren's syndrome, mild fever type reactions, arthralgia, rash, and urticaria-like lesions were observed; and in one case the medication had to be discontinued. 194 We did not find similar reports in patients with RA or spondyloarthritides. There are case reports of serum sickness, with the appearance of mild to moderate disease after infusion of RTX. 195 
Vaccination response
The use of RTX is associated with a reduced response to both T-cell independent and T-cell dependent vaccines. 158 There is evidence to suggest a compromised response to anti-pneumococcal and influenza vaccines, when administered to patients receiving RTX. 179, 196, 197 The response to influenza vaccine (also including A and H1N1 vaccines) is also particularly compromised when the vaccine is administered early, four to eight weeks after administration of RTX. Thus, influenza and pneumococcal vaccines must be applied before starting RTX, or six months after the 1st infusion and four weeks before the next dose. 158, 179 High-risk patients for contracting tetanus and treated with RTX within the last 24 weeks should use passive immunization with tetanus Ig. Hepatitis B is another vaccine that should be administered before the use of RTX. 179
Interleukin-6 (IL-6) receptor blockertocilizumab (TOCI)
TOCI is a humanized monoclonal antibody directed against the receptor of IL-6, including soluble and plasma membranebound fractions, and able to blocking their cellular actions. TOCI is not only used in the treatment of RA activity in combination with MTX or other DMD, but also as monotherapy and in patients with an inadequate response to MTX or other DMDs, or to TNF blockers. 37 In general, monitoring should be continuous for all adverse events related to TOCI. However, some of them are more related to the initiation of treatment and tend to present a subsequent reduction in the frequency of occurrence, such as infusion reactions and changes in lipid and liver transaminases' plasma concentrations.
The data on TOCI safety profile were pooled from 24-week randomized, placebo-controlled clinical trials (RPCCTs) considered pivotal for registration and approval of this drug, but also from longer-term studies, including results of registry trials and post-marketing surveillance studies, particularly of FDA and EMEA (European Medicines Evaluation Agency).
Infections
Like other immunobiological agents, TOCI should not be used in patients with active infection by any pathogen, including bacteria, viruses, fungi and parasites. 198, 199 Traditionally, C-reactive protein (CRP) is used as a biomarker for tracking infections. However, CRP is not useful for TOCI users, since a significant reduction in plasma concentration of CRP occurs after using that agent. So far, there is no evidence demonstrating the ability of TOCI in suppressing febrile response. Recent Cochrane meta-analysis, including 8 RPCCTs, showed an infection risk 1.2 times greater for patients treated with TOCI versus those using synthetic DMDs, 36, 200 in accordance with data previously published by the Nishimoto group. 201 However, this risk does not increase with time of exposure, showing a major event rate ranging from four to six per 100,000 patient-years, 202 even if combined with other synthetic DMDs. 203 Unlike TNF blockers, TOCI did not increase the risk of TbL reactivation. 204 However, a screening for LTBI is still recommended before and during use of immunobiological agents, especially in endemic areas. In Japan, there was no increase in the number of cases of disease caused by non-tuberculous mycobacteria. 205 Recent evidence revealed no increase in the rate of surgical wound infection in patients with RA in use of TOCI after undergoing total knee or hip arthroplasty. 206 The suspension of TOCI at least for four weeks before the procedure is recommended. After pooling retrospectively information on infectious conditions occurring after orthopedic surgery (arthroplasty) in the period 1999-2010, Momohara et al. observed more delay for surgical wound healing (20/122, 16.4%) than infections (3/122, 2.45%) in the TOCI group, especially when the surgical procedure involved the foot and the column. 207 Regarding B and C viral hepatitis, the data obtained from studies are still preliminary, since these patients were excluded from RPCCTs. At the moment, TOCI should not be used in this clinical setting. 204, 208 As for opportunistic infections, the rate is low, ranging from 0.2 to 0.3 for every 100,000 patient-years. Fungal infections are the most reported. 203 
Infusion reactions
These are rare events with TOCI and can be minimized by slowing the rate of IV infusion and/or by administration of premedication with corticosteroids. Severe anaphylactic reactions and the need for permanent discontinuation of TOCI are quite rare.
Hematological reactions
Studies with small numbers of participants have shown that one of the major hematologic adverse events related to TOCI is neutropenia. 209 The mechanism responsible is still not well known, but it appears to be related to a direct immunological role or to IL-6 receptor blockage in these cells.
In general, the neutropenia is transient and of low intensity, and does not increase the risk of infection per se. More severe or prolonged cases require reducing the dose of medication to 4 mg/kg infusion; if the problem is not resolved, the medication should be permanently discontinued. 210 
Neurological reactions
There is only one case report of peripheral neuropathy related to the use of TOCI. 210 
Gastrointestinal reactions
Elevations of liver enzymes may occur in 8-10% of the patients, regardless of synthetic DMDs, as with other cytokine blockers. These elevations are usually mild and transient, and do not increase the risk of irreversible hepatocellular injury. 211 When the treatment is initiated, monitoring the patient every four to eight weeks is recommended, and then every three to six months. Persistent elevations suggest the need for a more comprehensive investigation into other causes, besides a dose reduction and discontinuation of medication. 203 Some cases of intestinal (especially colonic) perforation have been reported in patients using TOCI. One hypothesis to explain this finding is the possibility of subclinical diverticulitis. Thus, an anamnesis directed for previous history of colonic diverticular disease and diverticulitis is recommended. This risk increases with concomitant use of corticosteroids and NSAIDs; therefore, these medications should be used sparingly in this scenario. 203 
Cardiovascular reactions
No consistent clinical studies were published evaluating cardiovascular events as primary outcomes, with use of TOCI in patients with rheumatic diseases. However, Schiff et al., when assessing over eight thousand patients from RPCCTs with RA using TOCI, observed low incidence of AMI (0.25/100 patientyears) and stroke (0.19/100 patient-year) and no increase with a longer exposure to the drug (2006-2010). 203 
Neoplasms
Solid neoplasms and lymphomas
After reviewing data from 63 RPCCTs with more than 29,000 patients with RA, no increased risk of solid or hematological malignancies was observed in the first 24 weeks, when compared with a control group treated with synthetic DMDs. 110 In the longer term, register data have not been published so often, when compared with TNF blockers' data. However, in the light of current knowledge, it seems that there is no higher risk of neoplasia among patients using TOCI, compared with what was observed in the control group. 212 
Immunogenicity
Taking into consideration that this is an immunobiological agent, TOCI have antigenic potential, although immunogenic reports published are scarce. The ability of formation of HAHA neutralizing antibodies, including intensity, isotype, specificity and kinetics, has been studied, but the frequency is much lower than that reported for TNF blockers. 213 
Other events
There are some anecdotal cases or case reports of patients who developed other unexpected adverse reactions after TCZ, including skin (ulcers, necrotizing fasciitis) 214 and mucosal (persistent aphthous ulcerations in the oral mucosa) conditions, 215 as well as ocular (bilateral retinopathy with hemorrhage and cotton-wool infiltrates), 216 and lung (organizing pneumonia and exacerbation of interstitial conditions) events. 217, 218 Just as observed with TNF antagonists, some initial cases (de novo) of psoriasis and uveitis have been reported after IL-6 blockade, emphasizing paradoxical events that may occur also with the use of this medication. [219] [220] [221] 
Vaccination response
To date, only few studies on vaccine response in patients treated with TOCI were published. Two studies demonstrated an adequate safety and efficacy profile (seroprotection and seroconversion) for influenza vaccine in patients with RA, regardless of MTX 222 and systemic onset juvenile idiopathic arthritis. 223 In addition, no exacerbation of the joint scenario in these patients was observed. Regarding other vaccines and immunizations, there are no data on the safety and efficacy profile. Table 1 presents the main adverse events resulting from treatment with biological DMDs for RA and spondyloarthritides.
Biologicals, pregnancy and lactation
Some rheumatic diseases for which biological DMDs are indicated, such as RA, affect disproportionately females, 224 including patients of childbearing age, when pregnancy can occur in a planned or unplanned way.
The use of medications during the conception, pregnancy and lactation periods causes great anxiety for the pregnant patient and also for her physician, who must prescribe these ABAT, abatecept; ADA, adalimumab; anti-TNF, tumor necrosis factor blocking drugs; RA, rheumatoid arthritis; apoB/apoA, apolipoprotein B/apolipoprotein A; Str., stroke; CERT, certolizumab; DMD, disease-modifying drug; RPCCT, randomized placebo-controlled clinical trial; ETN, etanercept; GOL, golimumab; HAHAs, human anti-human antibodies; HDL, high-density lipoproteins; IFX, infliximab; MI, myocardial infarction; CHF, congestive heart failure; LTBI, latent tuberculosis infection; LDL, low density lipoproteins; MTX, methotrexate; TOCI, tocilizumab. a Most available data on the occurrence of adverse effects concern to the first anti-TNF agents: infliximab, etanercept and adalimumab. There are no definitive comparative studies. Meta-analyses and the assessment of observational studies showed no significant difference in the incidence of complications among different biological agents. Albeit with shorter observation time, the current understanding is that the newer anti-TNF agents, e.g., golimumab and certolizumab pegol, are associated with the same risk of adverse events.
drugs. Choosing the appropriate treatment for pregnant and lactating patients is an extremely challenging task. The management of pregnancy and lactation in patients with rheumatic diseases in the use of biological DMDs should be multidisciplinary, involving the patient and her partner, the rheumatologist and the obstetrician, being taken into account the risks and benefits of these drugs, other therapeutic options, the intensity of the inflammatory disease and the underlying safety for the mother, fetus and neonate. 225 In general, biological DMDs should be avoided during pregnancy and lactation, since according to the currently available evidence, FDA does not describe any biological therapy as provenly safe during human pregnancy. Anti-TNF drugs are classified as B (animal studies with no fetal risk, with no controlled human studies, or animal studies with risk that has not been proven in humans in the first trimester of gestation, with no evidence of later risk), while RTX, ABAT and TOCI are categorized as C (studies in animals have shown teratogenic effects; and there are no controlled human studies, or no studies available in humans and animals, these being considered substances that should be used only if potential benefits justify potential risks to the fetus). 226 
Transplacentary transit
Children are protected from infectious diseases in their first months of life by maternal antibodies that cross the placenta in the second half of pregnancy. The antibodies' transfer through the placenta begins in the second trimester, but increases linearly until delivery. At the end of pregnancy, the amount of maternal antibodies of IgG isotype is higher in the fetus than in the mother herself. This same pattern remains, when the IgG is an anti-TNF drug. 225, 227 There is evidence that a significant amount of anti-TNF cross the placenta, especially during the third trimester. Small amounts of anti-TNF are detected in breast milk. 228 There are no conclusive data on ABAT, TOCI and RTX crossing the human placenta and their possible excretion in breast milk.
As for RTX, by being an IgG antibody, the drug could cross the placenta and interfere with fetal and neonatal B-cell development. Moreover, its pharmacokinetic properties and long-term effects would allow the hypothetical occurrence of adverse effects, even in cases of exposure months before conception. 225 However, as we shall see, in the few cases described of occurrence of pregnancy in women treated with RTX, no fetal or neonatal complications were observed, which, due to the small number of cases, does not allow inferences. Thus, RTX is also contraindicated in pregnancy.
Outcome of pregnancies exposed to biological DMARDs
In a recent SLR, Bogas and Leandro identified all publications in humans with results on the fetus or newborn after exposure to biological therapies during pregnancy. Sixty-five publications and 745 references on the subject were identified and evaluated. 229 Table 2 summarizes the outcome of pregnancies with exposure to biological DMDs, considering each drug in isolation, based on information currently available.
It is important to emphasize the following considerations on pregnancies' outcomes 229 :
1. Many women had active disease and were concomitantly exposed to potentially teratogenic drugs such as MTX and leflunomide. 2. The exposure to biological DMDs can be divided into two groups: (a) unplanned pregnancy -the exposure occurred at the time of conception and during the first trimester, and in most cases the drug was discontinued as soon as pregnancy was confirmed; (b) pregnant women who were intentionally treated, due to a refractory active disease. 3. There is great variation in the dose of the biological DMD used, depending on the underlying disease. 4. The outcome of each pregnancy can be dependent on several other factors, including the mother, the underlying disease, disease activity and the presence of comorbidities, 230 and such information was not present in the majority of reports available 5. Overall, congenital abnormalities are described in 3-5% of the live births, and some of them appear to be relatively common, including the involvement of the CNS, heart, limbs, and urinary system (with a prevalence of more than 20 cases per 10,000 births). 231 VACTREL is a non-random association of birth defects which occurs in 1.6 per 10,000 live births 232 (V, vertebral defects, a, anal atresia; C, cardiac abnormalities; T, tracheoesophageal fistula or atresia/tracheal stenosis; E, esophageal atresia; R, renal or radial abnormalities; L, abnormalities in pre-axial members). The possible association between VACTREL and biologicals' use (especially anti-TNF drugs) has been raised, but currently this is being questioned. 225 6. The frequency of premature births varies from 5% to 13% in developed countries. 233 The risk of congenital anomalies or prematurity appears to be greater in patients with RA, compared to pregnant women without such diagnosis. 230 7. Absence of control groups not treated with biologicals in most series and reports included in Bogas and Leandro's SRL 229 may have occasioned a bias, but, in general, no specific pattern of congenital defect was observed in children exposed to intrauterine biologicals.
In 2011 a review of 231 cases of pregnant women exposed to RTX (the whole range of indications of drug use, including those non-associated to rheumatic diseases) was published. 234 Of the 153 pregnancies with known outcomes, 90 resulted in live births. Twenty-two children were born prematurely, with one neonatal death in six weeks. Eleven neonates exhibited hematologic changes, but not one had corresponding infections. Although only a few congenital malformations or neonatal infections were observed among exposed newborns, women should be advised to avoid pregnancy until 12 months after RTX exposure.
Use of biologicals during lactation
The absorption of maternal antibodies through breast milk is limited in humans, and the predominant Ig isotype in breast Modified from Refs. [226, 230] .
VACTREL, non-random association of birth defects; V, vertebral defects; A, anal atresia; C, cardiac abnormalities; T, tracheoesophageal fistula or tracheal atresia/stenosis; E, esophageal atresia; R, renal or radial abnormalities; L, abnormalities in pre-axial members.
milk is IgA, which provides immunity to intestinal mucosa in breastfeeding infants. 227 Small amounts of IgG or other major Igs cross breast acini, and thus cannot be found in the blood of breastfeeding infants in significant quantities. For this reason, it is expected that the passage of anti-TNF drugs through breast milk be minimal. There are few data from experimental (animal) or clinical studies producing such information. There are some reported cases of mothers that were treated with anti-TNF, and it does not seem that this class of drug is transferred between the mother and her baby through breast milk. 225 There are no consistent data on the passage of other nonanti-TNF biological drugs through breast milk.
Recommendations for the use of biologicals during pregnancy and lactation
The information in the literature about the use of biologicals during pregnancy and lactation in patients with rheumatic diseases is still scarce, especially with regard to non-anti-TNF drugs; we emphasize that, in general, the use of such drugs should be avoided during pre-conception, pregnancy and lactation periods.
With respect to anti-TNF DMDs, based on information currently available and on the extrapolation of currently existing guidelines on the use of anti-TNF therapy in patients with inflammatory bowel disease, 235 the recommendations listed below are suggested.
Preconception exposure
Considering that anti-TNF drugs hypothetically do not cross the placental barrier in the first trimester, it would be possible to allow the use of anti-TNF until the moment of conception.
Exposure during pregnancy
Anti-TNF drugs should be discontinued during pregnancy. In case of a very intense activity of the underlying disease, we could argue in favor of an eventual prescription or reintroduction of one of these drugs during pregnancy -preferably, if possible, with a dose reduction and a more spaced period between administrations, with its discontinuation eight to 10 weeks before the expected date of confinement.
Exposure during lactation
Anti-TNF drugs should be avoided during lactation. However, in case of intense disease activity, and considering that the limited number of cases reported to date seems to indicate that small amounts of anti-TNF drugs pass into breast milk, the prescription of such drugs during lactation would be possible in those cases where the benefit to the mother outweighs the risk to her child.
In summary, the use of biological DMDs should be avoided during pre-conception, pregnancy and lactation periods. Exceptionally, in the case of an intense activity of the disease, and when the maternal benefit outweighs the risk to the fetus, and also in common agreement with the obstetrician, the patient and her family, the eventual prescription or reintroduction of an anti-TNF drug during pregnancy may be considered -preferably, if possible, with a dose reduction and a more spaced period between administrations, with its discontinuation eight to 10 weeks before the expected date of confinement. The prescription of anti-TNF during lactation may be possible in cases where the benefit to the mother outweighs the risk to her child.
Final considerations and conclusions
The treatment of rheumatic diseases of immunoinflammatory nature, especially RA and spondyloarthritides, has undergone significant change in recent years. The emphasis on early diagnosis, the immediate introduction of DMDs, and in a rigorous monitoring of therapeutic response, as well as the development of immunobiological agents, have revolutionized the way these diseases are being treated. SBR has been devoted to produce documents that guide the rheumatologist on the diagnostic and therapeutic management of RA 37, 158, 224, [236] [237] [238] and spondyloarthritides, 12, 239 including information on the use of biological DMDs in these conditions.
Due to fears about the safety profile, immunobiological agents were initially reserved for advanced forms of the disease refractory to traditional medicines. Today, some 15 years after the beginning of their commercialization and with the experience gained in patients' monitoring, their use is already indicated in less severe cases and even in selected cases, in earlier stages of these diseases.
The safety of biological agents in the short term has been well established in pivotal studies on each of these products. Although involving difficult to control patients, refractory to several DMDs, the inclusion criteria of these studies excluded patients with systemic manifestations of the diseases and with relevant comorbidities. Register studies, on the other hand, assess the safety also in the medium and long term and include patients more similar to those in our daily practice. So far, these drugs have been shown to be relatively safe. A new challenge arises with the use, in sequence and by the same patient, of different biological agents. Pharmacosurveillance studies become even more relevant in the long-term evaluation of these patients.
Experience shows that the most powerful tools may have the most influential adverse consequences. This principle, which is valid also for clinical pharmacology, applies emphatically to immunobiological drugs, due to the wide spectrum of actions exercised in the intimacy of various immunological mechanisms. In fact, this review consistently showed the diversity of adverse events associated with immunobiological therapy. With this warning notice, we would emphasize the importance of dedication and surveillance to the safety aspects of this class of drugs.
This review sought to provide a broad and balanced update of clinical and experimental data accumulated in the last two decades of use of immunobiological drugs to patients with autoimmune rheumatic diseases, with an emphasis in RA and spondyloarthritides. For chronological reasons, the largest experience to date refers to immunobiologicals that antagonize TNF. Despite the relative safety of biological agents, we must keep all our attention in the selection and monitoring of patients with indications of these drugs.
